Introduction
In the 1950's and 1960's about 10,000 litres of dry cleaning solvent was disposed of in a well or in pits (si) near the town center at Oitti, southern Finland (Fig. 1) . The groundwater was found contarninated in 1992 when a regional groundwater quality survey was done in the region. The okt waste disposal dump (s2) (Fig. 1) forms an additional risk [1] . According to the inhabitants in Oitti, about 900000 kg waste material from the cleaning establishment was deposited to this dump.Tbere is also a possibiiity that the polluted groundwater reaches the Piijnne tunnel situating in the bedrock and passing the Oitti village (Fig. 1 ). This tunnel conveys water from Lake Pijnne in inner Finland to the Helsinki water-deficit area.
The solvent consists mainly of trichioroethylene and tetrachioroethylene which are dense nonaqueous phase liquids (DNAPLs). These heavy solvents are partly dissolved to the groundwater and partly migrating to impermeable boundaries such as day layers and the surface of the crystalline bedrock. Consequently, the main objective was the characterization of the day layers and the bedrock topography using the geophysical profihing.
DNAPL migration
The SalpausseIk moraines were deposited in Baltic Ice Lake about 11,250-9,900 years ago during the latest ice age (Fig. 1) . At Oitti, Salpausselka. moraines form two small parallel ridges in which cross-bedded sands and gravels coarsen upwards. According to the drilling logs [1] , the soils around Oitti are very beterogenous. At a depth of 10 to 20 metres there is a day layer that probably controls the migration of the heavy solvent. This day layer has been detected by using the ground penetrating radar [3] . According to the resuits measured over the moraine, no impulses have penetrated the conductive day layer. It appeared that this layer is discontinuous, and, probably, not capable to prevent the DNAPL migration downwards. Thus, the main controlling factor for the solvent rnigration is, after the dissolution into the groundwater, the bedrock topograpby.
The bedrock topography has been formed by the action of ice, fracturing and erosion. The data for the bedrock topography ( Fig. 2b) was collected along the seismic profiles done during the planning phase of the Paijanne tunnel [4] and during the investigations of the the Oitti spul site [1] . Based on the variogram study, there are two main directions of continuity for the bedrock topography. The first one is directect along the SaipausseJk moraines and the second one perpendicular to them. The bedrock vaileys were visuaiized using sequential indicator simulation [5] . Based on 50 simulations, the probability of the surface of the bedrock being smaller than 76 metres was calculated. The bedrock vaileys, possible fracture zones, are aiigned with the two continuity directions (Fig. 2a) . Thus, the probable direction of the DNAPL migration or Pool formation are to the nortb-east or south-west from the Oitti spil site (s 1) along the Salpausselka moraine and to south-east along the bedrock valley from the waste disposal dump (s2). According these resuits, it is possible that the DNAPLs reach the water in the Paijanne tunnel in south-western part of the study area along the bedrock valley elongated along the Salpausse1k moraine. The flow directions of the polluted groundwater were modelled by the sequential indicator simulation applied to the water-well analyses. Water analyses for total organic halogens (AOX) were started right after the spil site was discovered. The data for the analysis come from groundwater welis and springs in the area, wbich are located as shown in Figure 2d a) The probability of the bedrock surface being below 76 metres. b) The locations of topographic data for the bedrock surface in the area B in the western part of the study area (Fig. 1). c) The probability of the AOX content exceeding 10 jig per litre. d) The groundwater sample locations in the middie part C of the study area. Figure 2c shows the probability of AOX values exceeding a tbreshold value of 10 ig per liter based on 100 simulations. Figure 3c indicates a maximum spread from the spil! site (si) first towards the north-east and then to the south-west away from the Sa1pausse1k moraine (Fig. 2e) along the bedrock vaileys, however not the deepest ones (Fig. 2a) . In the latter direction, the polluted groundwater may reach the Piijinne tunneL The polluted groundwater from waste dumping site (s2) fiows to south-east.
Conciusions
The comlex structure of the Salpausselka moraines together with the fractured bedrock topography make the modelling of the contaminant migration difficult. The present study gives, however, some iridications for the directions of the contaminant migration and some clues for the future study.
Ground penetrating radar is effective in a study of the detail structure of the surficiaii deposits. In this case, it should be used more widely to map the day layers, especially to find the places were the DNAPL could be pooled and may form a new source for pollution in future. Refraction seismic give the approximation of the bedrock topography. However, more seismic profiling should be done on the Salpausse1k moraines and perpendicular the direction of ridges. Based on this study, the deepest bedrock vaileys are oriented along the Sa!pausse1k moraine and perpendicular to it (Fig. 2a) . The heavy DNAPL solvent may migrate to these vaileys and form pools. In the worst case, DNAPLs may migrate to the Pa.ijanne tunnel along the bedrock valley in the direction of the Salpausse1k moraine in the south-western part of the study area ( Fig. 1 and Fig. 2a) . Figure 2c indicates a maximum spread from the spil site (si) first towards the north-east and then to the south-west away from the Sa1pausse1k moraine (Fig. 2e) along the bedrock vaileys, however not the deepest ones (Fig. 2a) . In the latter direction, the polluted groundwater may reach the Pa.ijanne tunnel. The polluted groundwater from waste dumping site (s2) seems to flow to south-east (Fig. 2d) .
